ART. 39]                                    RETROGRESSION                                             89

at the bottom of the concrete, may be provided, but the pore pressures in the
foundation below the concrete should also be investigated as described in
Art. 14.

In the foregoing discussion, the problem of uplift has been treated with
neglect of possible uplift from headwater in the reservoir. Such complications
can be treated by the theories previously outlined in this chapter.

39. Retrogression. In preceding articles there have been described the
necessary provisions for destroying the energy of the water spilling over the
dam and for reducing tailwater velocity as close as possible to that existing
under natural conditions.

However, it is obviously impossible to reduce velocities leaving the protec-
tive works to less than the natural velocity for a given flow, and natural
velocities frequently scour the bed of the stream. That is, under natural con-
ditions, the beds of many streams lower during the rising stage of the flood and
build up again, during the falling stage, by deposition of material carried by the
flood.

Owing to the presence of the reservoir created by the dam, this material
carried by the stream all deposits in the deep water above the dam and is not
available to return the stream bed to normal elevation after a flood and per-
manent retrogression results.

For these reasons, the bed of the stream adjacent to the downstream end of
the protective works must be treated so that, when retrogression occurs, the
foundation for the lower end of the protective works will not be affected.

A usual procedure is to provide a cutoff of concrete or piling at the toe of the
protective works, supplemented by riprap of large stones (Fig. 4).

The riprap below the apron is intended to settle and pave a new slope from
the toe of the apron to the new level of the stream, and the sheet piling is
intended to protect the apron from undermining in case the riprap directly at
the toe settles some.

In case the toe of a spillway dam is higher at the ends than at the middle,
the water passing over each end, if not taken care of, will flow parallel to the
dam toward the main channel. For steep slopes, this flow may acquire veloci-
ties sufficiently great to scour the foundation at the toe of the dam or the end
of the apron. This condition should be avoided by the construction of stone
fill, masonry, or other suitable training dikes at intervals extending from the
dam to a point downstream far enough from the dam to obviate the possibility
of damage to that structure. Sometimes the training dikes are supplemented
by a system of canals, parallel to the river, in order to provide a gradual de-
scent.12 Such construction is obviously expensive, particularly for large flows,
and often necessitates the limitation of the length of spillway to the width of
the level portion of the river bed. A small auxiliary dam at the downstream
end of that part of the apron which is on side slopes, to confine the flow to the
apron and lead it to the river channel, may be used.

12 See "The Laguna Dam," Eng. News, Feb. 9, 1905, and Feb. 27, 1908.